ABSTRACT The connective tissue components hyaluronan (hyaluronic acid) and type III procollagen peptide were measured in bronchoalveolar lavage fluid in 22 patients with idiopathic pulmonary fibrosis and 21 healthy control subjects. The patients with idiopathic pulmonary fibrosis had higher concentrations of hyaluronan (median 46 Mg/l) and type III procollagen peptide (median 0-45 jg/l) than the healthy controls (9 and < 0-2 yg/l; p < 0001). The patients had normal serum concentrations of hyaluronan and of the procollagen peptide, and albumin concentrations in lavage fluid similar to those of the control subjects. Neutrophil and lymphocyte counts in lavage fluid were increased on average 10 and two fold respectively in the patients with idiopathic pulmonary fibrosis and both correlated with the amount ofhyaluronan recovered (p < 0-05). An inverse correlation was seen between the transfer factor for carbon monoxide and hyaluronan concentrations in lavage fluid in the patients (p < 0-05). Deterioration in lung function and radiographic progression were seen over six months in 12 of the patients. These patients had higher lavage fluid concentrations of hyaluronan and type III procollagen peptide than the patients whose disease was stable (p < 0-01). Increased synthesis of hyaluronan and type III procollagen peptide in lung parenchyma may reflect activation or proliferation (or both) of pulmonary fibroblasts in idiopathic pulmonary fibrosis and seems to be linked to the severity and activity of the lung disease.
Introduction
The destruction of the lung parenchyma in idiopathic pulmonary fibrosis (cryptogenic fibrosing alveolitis) appears to be mediated in part by inflammatory cells infiltrating the alveolar-capillary membrane and small airways. ' 13 The injury to parenchymal cells is associated with proliferation offibroblasts and deposition ofincreased amounts ofcollagen in the interstitial space. The traditional investigations used to monitor the progression of idiopathic pulmonary fibrosis are chest radiography and pulmonary function tests, although from the point of view of prognosis it is probably more important to identify the lung lesions histologically. The finding of neutrophils in the alveolar region in idiopathic pulmonary fibrosis suggests that the neutrophil has a pathogenetic role in this condition.45 Bronchoalveolar lavage may contribute to the understanding of the nature of idiopathic pulmonary fibrosis. Recovery of increased numbers of neutrophils in lavage fluid has been correlated with a worse prognosis of the disease.6" The mechanisms underlying the activation and proliferation of lung fibroblasts in idiopathic pulmonary fibrosis are not fully understood but inflammatory mediators are likely to be important.89 Apart from lung biopsy there are few methods for assessing changes in the connective tissue ofthe lung in idiopathic pulmonary fibrosis. Recently we drew attention to the possible usefulness of determining concentrations of hyaluronan (according to older nomenclature hyaluronate or hyaluronic acid) and type III procollagen peptide in lavage fluid as potential markers of activated fibroblasts or an expanded fibroblast mass associated with interstitial fib-Hyaluronan and type IIIprocollagen peptide in idiopathic pulmonaryfibrosis tions in sarcoidosis and extrinsic allergic alveolitis, correlating with disease activity. We now report increased hyaluronan and type III procollagen peptide concentrations in lavage fluid from patients with idiopathic pulmonary fibrosis. Concentrations were related to the intensity of the alveolitis, as defined by the recovery of lavage fluid neutrophils and other inflammatory cells, and to the clinical severity, as indicated by pulmonary function tests and radiological criteria.
Methods
We evaluated 22 patients (16 men and six women) with idiopathic pulmonary fibrosis. Before bronchoscopy patients and controls received atropine or scopolamine, usually combined with morphine or pethidine chloride, subcutaneously. The upper respiratory tract was anaesthetised with lignocaine hydrochloride. A fibreoptic bronchoscope (Olympus BF IT or BF 4B2, Tokyo) was wedged in the lingular segmental bronchus and 240 ml sterile KrebsRinger phosphate buffer, pH 7-3, 37C, infused in boluses of 60 ml. The fluid was gently aspirated immediately after each instillation. The lavage fluid was kept on ice and passed through a nylon filter (pore diameter 100 jm, Syntab Products AB, Malmo, Sweden). The cells were then collected by centrifugation at 400 g for 15 minutes. The supernatant was frozen at -70C until analysis in sequence. The cells were gently resuspended in balanced salt solution to a concentration of 106 cells/ml, excluding epithelial cells. Cytocentrifuge (Cytospin Shandon, Southern Products Ltd, Runcorn) preparations, 5 x I04 nonepithelial cells per slide, were stained with May-Grunwall-Giemsa before differential counting. Mast cells were stained with acid toluidine blue and counterstained with Mayers acid haematoxylin. Lymphocyte, neutrophil, eosinophil, and macrophage numbers were expressed both as percentages of200 cells (except epithelial cells) and as actual lavage fluid concentrations. Mast cells were counted as the number present in 10 visual fields with x 16 magnification and expressed as a percentage of all non-epithelial cells.
Hyaluronan concentrations were determined in duplicate in serum and lavage fluid by a modified radioassay (Pharmacia Diagnostics, Uppsala, Sweden).'" 18 Both tests are based on the use of specific hyaluronan binding proteins isolated from bovine cartilage. In the modified test the hyaluronan from the samples (100 p1) is allowed to bind to hyaluronan binding proteins labelled with iodine-125 in solution for 60 minutes. The unbound '25I binding proteins are then quantified by incubating with hyaluronan covalently coupled to Sepharose particles of small size and low density. Separation of particles is performed by centrifugation (1500 g for 10 minutes) followed by decanting. The radioactivity bound to the particles is then measured. The within assay variation was 4-5-6-5% and the between assay variation 4-8-8-5%. The specificity of the assay applied to lavage fluid was proved by dilution and recovery experiments, which showed parallelism to the standard curve and complete recovery of added hyaluronan. The two techniques give identical results in serum and lavage fluid. The normal concentration of hyaluronan in serum (n = 80) is 49 (SD 33) ug/l. The type III procollagen aminoterminal peptide related antigens were assayed by radioimmunoassay (Behringwerke AG, Marburg, Germany)."'9 In our laboratory the normal serum concentration of procollagen peptide (n = 111) is 15-4 (SD 2 2) yg/l. The variability of the method was less than 12%. Serial dilution of lavage fluid samples from patients with idiopathic pulmonary 128 fibrosis gave inhibition curves similar to those of the standard and very similar to those recently presented, with the same radioimmunoassay, for lavage fluid from patients with idiopathic pulmonary fibrosis.' The detection limit for hyaluronan was 5 jg/l and for procollagen peptide 0-2 Mg/l. When either was undetectable the detection limit was used in the calculations. Albumin was measured by fluorescence nephelometry (Multistat III, Instrumental Laboratory, Lexington, Montana).
The protocol of this study was agreed by the local ethics committee and the study was performed with the free and informed consent of all volunteers and patients.
The 
RELATION TO RECOVERY OF INFLAMMATORY CELLS
The cells recovered by lavage in patients with idiopathic pulmonary fibrosis and control subjects are shown in table 1. The total cell count was slightly increased in the patients (p < 0-05). The patients had an absolute and relative increase in the number of lymphocytes and neutrophils (p < 0 001); the percentage of macrophages was diminished though the absolute number was slightly increased. Eosinophils and mast cells were rarely detected in healthy controls and never exceeded 1 % of the total count. In the patients the median recovery of eosinophils was 4%, range 0-49% (p < 0 001). An increased recovery of mast cells was also seen in the patients (p < 0 001); the median mast cell count was 1[4% (range 0-1-10%).
The lavage fluid concentration of hyaluronan was related to the number of neutrophils recovered (r = 0 50 for the absolute cell number and 049 for the relative cell number) (p < 0 05). The hyaluronan in the lavage fluid was also correlated (p < 0-05) with the absolute and relative lymphocyte number (r = 0 51 and 0 45). No 
Discussion
The finding that bronchoalveolar lavage fluid from patients with idiopathic pulmonary fibrosis contained increased concentrations of hyaluronan and type III procollagen peptide extends our previous observations on the altered metabolism of connective tissue components in interstitial lung disease.'"'3 The average recovery of hyaluronan and procollagen peptide in lavage fluid from patients with idiopathic pulmonary fibrosis was similar to that in sarcoidosis,'°2 but less than 10% of that recovered in the acute phase of extrinsic allergic alveolitis. ' large amounts by activated fibroblasts,"2 which also synthesise a major portion of lung collagen.9 A characteristic finding in patients with idiopathic pulmonary fibrosis is the increase in type III collagen in biopsy specimens. In previous studies' 1233 in patients with sarcoidosis hyaluronan and type III procollagen peptide in lavage fluid were related to lung volume, diffusion capacity, and radiographic stage, providing indirect support for their potential as markers of a fibrotic process in the lung. In the present study their relation to physiological or radiographic estimates of the lung disease was not so evident, but significant correlations were found between increased hyaluronan concentrations and reduced diffusion capacity and between increased type III procollagen peptide concentrations and chest radiograph scores. In accordance with previous studies,2' we found no relation between the procollagen peptide and results of physiological tests of lung function. More apparent was the greater recovery ofhyaluronan and the procollagen peptide in patients with idiopathic pulmonary fibrosis who deteriorated over six months than in those who had Bjermer, Lundgren, Haligren stable disease. Low and colleagues2' reported that patients with idiopathic pulmonary fibrosis and substantially raised type III procollagen peptide concentrations in lavage fluid had a more severe disease clinically.
The mechanisms underlying the accumulation of fibroblasts in the lungs of patients with idiopathic pulmonary fibrosis are largely unknown, but it is thought to be a consequence of alveolitis induced by macrophages, lymphocytes, neutrophils, and eosinophils.3 Idiopathic pulmonary fibrosis is characterised by an increased proportion of neutrophils in lavage fluid26 and increased numbers of lymphocytes and eosinophils may also be present. 6 An association between the presence ofneutrophils in lavage fluid and subsequent deterioration in pulmonary function has been reported.67 An increase in eosinophils in lavage fluid has also been linked to a bad prognosis.6 Our patients had an increase in the absolute and the relative number of neutrophils and eosinophils Lymphocytosis was seen in some of the patients but the average lymphocyte number was only slightly greater than in the controls. The lavage fluid concentrations of hyaluronan were correlated with the numbers of neutrophils and lymphocytes recovered. Thus the enhanced synthesis of hyaluronan in idiopathic pulmonary fibrosis seems to be linked to the intensity of the alveolitis. In vitro the production ofhyaluronan from fibroblasts is greatly stimulated by growth factors-platelet derived growth factor and epidermal growth factor.28 Recently increased production of platelet derived growth factor by alveolar macrophages recovered from patients with idiopathic pulmonary fibrosis has been reported. 34 Other fibroblast activating substances known to stimulate hyaluronan production include interleukin-1,27 which may also be a factor in active alveolitis.
Several cellular and humoral tests have yielded correlations with high intensity alveolitis in patients with idiopathic pulmonary fibrosis.3"37 The present study has suggested that hyaluronan and type III procollagen peptide measurements in lavage fluid may also have a prognostic value in this disease; but further studies are needed before they can be recommended for routine clinical use.
